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A b s t r a c t  
The s tudy  of t h e  a c t i n o r h i z a l  symbiosis i n  Ca- 
sua r ina  e q u i s e t i f o z i a  r e q u i r e s  a n  homogenous p l a n t  
ma te r i a l .  Consequent ly ,  we dev i sed  a method of m i -  
c ropropagat ion  based  on t h e  use of  immature female 
in f lo re scences  ( I F I )  as e x p l a n t s .  I F 1  exc ised  from 
an a d u l t  tree formed m u l t i p l e  buds a f t e r  4-week in -  
cubat ion  on Murashige and Skoog medium wi th  0.05 
umol 1-1 NAA and 1 1  . I  pmol 1-1 BAP. The a x i l l a r y  
buds evolved i n t o  5-6 cm long  s h o o t s  5 weeks a f t e r  
the t r a n s f e r  of I F 1  on  a similar medium except  f o r  
the  a d d i t i o n  o f  a c t i v a t e d  c h a r c o a l .  Rooting of t h e  
shoots  was ob ta ined  on  a t h i r d  medium, wi thout  BAP 
o r  cha rcoa l ,  b u t  w i t h  1 pmol 1-1 NAA. The p l a n t l e t s  
were t r a n s f e r r e d  i n t o  s o i l .  T h e i r  growth was s a t i s -  
f ac to ry  and no p l a g i o t r o p i c  tendency was observed. 
Abbrev i  a t i o n s  
BAP : 6-benzylaminopurine ; 2,4-D : 2,4-dichlo- 
rophenoxyacetic acid; IAA : 3- indo leace t i c  acid ; 
IF1 : immature female  i n f l o r e s c e n c e s  ; NAA : a-naph- 
t a l e n e a c e t i c  acid. 
In t r o d u c t  i on 
Casuarina e q u i s e t i f o l i a  is  widely used i n  trop- 
i c a l  and s u b t r o p i c a l  c o u n t r i e s  f o r  dune s t a b i l i z a -  
t i o n ,  e s t ab l i shmen t  of s h e l t e r b e l t s  and product ion  
of f u e l  wood ( N a t i o n a l  Academy o f  Sciences 1984; .  
Piidgley e t  a l  1983) .  The a b i l i t y  of C .  e q u i s e t i f o l i a  
t o  grow on n i t rogen-poor  s o i l s  is  due t o  i t s  asso- 
c i a t i o n  wi th  Frankia ,  t h e  symbio t i c  N2-fixinp, a c t i -  
nomycete forming nodu les  on i t s  r o o t s .  We have al-  
ready shown t h a t  t h e  Nn-fixing p o t e n t i a l  of C. equi -  
s e t i f o l i a  e x h i b i t e d  l a r g e  v a r i a t i o n s  (Gauth ier  et a l  
1985). Such a v a r i a b i l i t y  i s  undes i r ab le  when one 
needs an  homogenous p l a n t  m a t e r i a l  f o r  exper imenta l  
purposes ,  such a s  comparing t h e  e f f e c t i v i t y  of Fran- 
k ia  s t r a i n s ;  t h e  s o l u t i o n  i s  then  t o  o b t a i n  cop ie s  
of a g iven  i n d i v i d u a l ,  u s i n g  proper  methods of vege- 
t a t i v e  propagat ion .  On t h e  o t h e r  hand,one can attempt 
t o  e x p l o i t  t h e  l a r g e  v a r i a b i l i t y  of C. e q u i s e t i f o l i a  
populations by s e l e c t i n g  fast-growing and a c t i v e l y  
h$-fixing specimens and m u l t i p l y i n g  them us ing  a l s o  
proper methods of v e g e t a t i v e  propagat ion .  Convention- 
a l  v e g e t a t i v e  p ropaga t ion  u s i n g  c u t t i n g s  has  been 
used f o r  s e v e r a l  y e a r s  (Somasundaran and Jagadees ,  
1977; Hussain and Ponnuswamy, 1980).  Recent ly  E l -  
Lakany and Shepherd (1984) s u c c e s s f u l l y  used stump 
propagat ion;  Lundquis t  and Torrey  (1 984) obta ined  
s a t i s f a c t o r y  r e s u l t s  w i t h  mature softwood stem cut -  
. 
t i n g s .  Our exper iments  (no t  r epor t ed  he re )  a l s o  i n d i -  
ca t ed  t h a t  c u t t i n g s  of c. e q l i i s e t i f o l i a  were a b l e  t o  
form r o o t s ,  b u t  w e  found t h a t  c u t t i n g s  from mature 
t r e e s  o f t e n  showed va ry ing  degrees  of p l a g i o t r o p i c  
growth. Taking i n t o  account  t he  concept t h a t  "most 
t r e e s  have zones t h a t  r e t a i n  a degree  of j u v e n i l i t y  
longe r  than  o t h e r  a r e a s  of t he  t r e e "  (Bonga and Dur- 
an 1982),  w e  used inunature female i n f l o r e s c e n c e s  a s  
e x p l a n t s ,  hypo thes i z ing  t h a t  t hese  organs had re - 
t a i n e d ,  a t  l e a s t  p a r t i a l l y ,  t h i s  j u v e n i l i t y  charac-  
t e r .  To d a t e ,  no o t h e r  t ype  of exp lan t  has  been t e s -  
t ed .  
M a t e r i a l  and Methods 
Explan t s  were c o l l e c t e d  on t h e  same t r e e ,  10-15 
year-old Casuarina e r p i s e t i f o l i a ,  growing a t  ORSTOM 
r e s e a r c h  s t a t i o n  Bel Air, Dakar, Senegal.  The ex- 
p l a n t s  c o n s i s t e d  of immature female i n f l o r e s c e n c e s  
( I F I )  a t  the s t a g e  preceding  f lower ing  by a t  l e a s t  
3 weeks (F ig .  1 ) .  An LFI comprises two p a r t s  : an  
ovoid head 1 mm of d i ame te r  bea r ing  whorls of b r a c t s  
w i th  a cynlule i n  t h e  a x i l  of each b r a c t  ( F l o r e s  and 
Moseley 1982) and a b a s a l  c y l i n d r i c a l  peduncle bea r -  
i n g  whor ls  of bract.s  w i th  a v e g e t a t i v e  meristem on 
the  a x i l  of each  b r a c t .  
neighborhood of Dakar,  f lower ing  of C. e q u i s e t i f o l i a  
occurs  i n  Februa ry ,  which should r e s t r i c t  t h e  pe r iod  
when I F 1  can bc sampled t o  a few weeks i n  February .  
However,we found t h a t  t h e  f lower ing  s t a g e  of C .  equ i -  
s e t i f o l i a  could  be  extended up t o  6-8 months by wa- 
t e r i n g  t h e  t r e e s ,  t hus  pe rmi t t i ng  t h e  c o l l e c t i o n  of 
IF1  throughout  a long  per iod  of t h e  yea r .  However, 
t he  development of a x i l l a r y  buds was delayed when IF1 
were sampled l a t e r  t han  February.  
To f a c i l i t a t e  t h e  t r a n s p o r t a t i o n  of IF1  t o  t h e  
l a b ,  seEments of  b r a n c h l e t s  bea r ing  IF1  were seve red  
from t h e  trees and the IF1  were exc ised  i n  t h e  l a b  
j u s t  b e f o r e  beinp, washed i n  running t a p  water  and 
imiersed  i n  0.01 % (V/V) SDS (dodecyl sodium s u l f a t e ,  
SIGMA L 5750) f o r  30 m i n .  Following s u r f a c e  s t e r i l i -  
z a t i o n  i n  0.1 Z IlgCl f o r  1 niin, IF1  wer'e r i n sed  
thoroughly  i n  s t e r i l e  d i s t i l l e d  water .  
i n j u r e d  d u r i n g  t h e  s t e r i l i z a t i o n  procedure,  t h e  l o -  
wer e x t r e m i t y  (1-2 mm f o r  each  IFI)  was c u t  o f f .  I F 1  
were then  p l aced  v e r t i c a l l y  on to  t h e  n u t r i e n t  medium, 
t h e i r  base  b e i n g  d r i v e n  i n t o  i t  7-3 mm deep. 
Three c u l t u r e  media were s e q u e n t i a l l y  used .  
H medium f o r  cau logenes i s  : Nurashige and Skoog 
(1962) b a s a l  medium wi th  v i t amins  (Ni t sch  and Ni t sch  
I n  t h e  c l i m a t i c  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  
To e l i m i n a t e  t h e  tissues t h a t  could have been 
I62 
1965)  30 g 1-1 s u c r o s e ,  0.05 p o l  1-1 NAA, d i f f e r e n t  
amounts O F  BAP r ang ing  from O to  1 7 . 2  Irmo1 I-' ( ~ a -  
hIe  l )  and 8 ma l-' I l i fco  Bacto aga r .  
i 
. 
Fig .  1 Tmmatiire remale i i i r lo rescence  (IFI) of 
I " i s c ~ o r i n n  c q i / i s c t i f o l i t i  used a s  exp lan t .  
A ,  ovoid apex  with f l o r e t  meristems ; P ,  
penduncle (I3ar = 1 m m ) .  
/I f7JCdillnJ f o r  S / l O O t  f ' ~ O f J f / i l t i ~ l f l  : Same a s  A 
mediiim b u t  w i t h  20 g 1-1 a c t i v a t e d  cha rcoa l  (Merck 
f medinm for rli i7oqor~csis : same a s  A medium 
h u t  wi thout  BAP o r  a c t i v a t e d  cha rcoa l ;  we compared 
the  fo l lowing  c o n c e n t r a t i o n s  of NAA : 0.05, 0.15, 
0 . 2 5 ,  0.5, 1 limo1 1-1 (Table  2 ) .  
a u t o c l a v i n g  a t  1 lOoc for  '10 min. 
placed i n  10 cm p e t r i  dishes (10 IF1 per  d ' ish) con- 
t r a n s f e r r e d  i n t o  23 x 1 5  nui tubes  (one I F 1  per  tube)  
c o n t a i n i n g  2 5  m l  of ß medium. 
n:iting from t h e  a x i l l a r y  buds formed i n  A medium and 
devclopped i n  I) nicdium were exc iscd  thus  g iv ing  m i -  
c r o c u t t i n g s ,  The m i c r o c i i t t i n p  were p laced  v e r t i c a l -  
l y  i n  23 x I5 mm tuh1.s (one per  trilie) contai.ning 15 
ilil c i f  C medium. 
chamher a t  2811 O C  w i t h  il 1 7  11 pliotoperiocl (4,000 
Res u1 t s 
21Hh). 
A l l  t h r e e  media were ad jus t ed  t o  pH 5.5 be fo re  
Fo l lowine  s t e r i l i z a t i o n  IFI were a s e p t i c a l l y  
. t a i n i n g  20 m l  o f  A medium. Af t e r  4 weeks IF1 were 
Kine weeks l a t e r  t he  e longated  shoo t s  o r i g i -  
A l l  types  o f  culLtrrrs were incohnted i n  a j:rowth 
tux ) .  
\;lien plac:rcf i n  A n i c t l i i l n i ,  lF1 cxliihitctl  t he  f o l -  
Lowing t r a n s f o r m a t i o n s .  Af t e r  2 weeks t h e  ovoid head 
fnrmed a v e g e t a t i v e  a x i s  whi le  the h a s a l  c y l i n d r i c a l  
I'eduncle swelled. L a t e r ,  i . e .  a f t e r  4 weeks, 5-6 
v e g e t a t i v e  buds rippearecl a t  the  hase  of t he  IF1 
(F i t ; .  2 ) .  
F i g  2 .  Numerous a x i l l a r y  buds formed a t  t h e  hase  
of t h e  T I J I  a f t e r  4 weeks on A medium ( ß a r  
= 1 m). 
Table  1 shows t h a t  a d d i t i o n  of a c y t o k i n i n  (BAI' )  
I to  the  medium c o n t a i n i n g  an auxin  (NAA, 0.05 ymol 1-1 ) markedly aEfec ted  bud i n i t i a t i o n .  The most f a v o r n b l e  medium con ta ined  I 1  .1 umol 1-1 BAP and 0.05 ) i m o 1  1-1 
NAA. I n  t h e  exper iment  r epor t ed  i n  Table I w e  found 
t h a t  a l l  t h e  1171 r e a c t e d ,  t h a t  is, gave buds,  t h e  mean 
number of buds b e i n g  always i n  t h e  range of 5-6 per  
IFI, i n  t h e  medium wi th  I l  . I  ymol 1-l BAI'. 
D - Sliont elonqation 
a x i l l a r y  buds  evolved i n t o  green ,  vigorous-lookin!: 
5-6 cm l o n g  s h o o t s  (F ig .  3 ) .  However i n  t h e  absence  
of a c t i v a t e d  cha rcoa l  no bud  development nor shoo t  
e l o n g a t i o n  were observed .  
C - Itoot formation 
Five  weeks a f t e r  be ing  t r a n s f e r r e d  on to  I3 medium 
A f t e r  be ing  e x c i s e d ,  shoo t s  ob ta ined  in ß nie- 
dium w i t h  1 I . I  l i in01 1-1 B A P ,  were used as microcut- 
t i n g s  and placed o n t o  C medium (Table 2 ) .  
With 0 .5  t o  I limo1 1-1 NAA, a iew t h i c k .  p ink ,  
a d v e n t i t i o u s  rocits wme formed ( F i g .  4 ) .  We nevbr 
observed any c a l l u s  p r o l i f e r a t i o n  a t  t h e  base o f  the 
microc:utt ings.  
D - Transplanting anil occl i / n o t i n q  
Kooted m i c r o c u t t i n g s  l;rowtl i n  C medium were 
removed from tho  tes t  tcihcs a f t e r  4 weeks anil t r a n s -  
f l a n t c d  from t h e  aj:ar medium i n t o  s o i l  in po t s  p l n r e d  
i n  a greenhouse  wider warm and higli ly humid c.undi- 
t i o n s .  The a u t o t r o p h i c  devplopment of the p l a n t l e t s  
was s a t i s f a c t o r y ,  and no b l 3 g i o t r o p i c  tendency Was 
ohserved .  
(1 n 
y "Table 1 E f f e c t  of IMP c o n c e n t r a t i o n  on t h e  mean 
nimber of buds  o r i g i n a t i n g  from each  IF1 
of  rasciorinil eQw'seti f o l i a  c u l t i v a t e d  on 
A medium (0.05 pmol f- l  NAA i n  a l l  media) 
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- 
Concent ra t ion  Nmber of Number of Mean no of 
o f ILI I' r e p l i -  r e a c t i n g  buds per 
( U l l I l ) 1  1-11 c a t i o n s  IF1 IF1 - 
o 4 7  47 2 . 5 9  A0.29 
4 . A  4 9  4 9  1 . 5 3  20.17 
8 . 8  47 47 3.76 i.0.35 
1 1 . 2  4 6 4 6  4 . 2 2  i. O .34 
1 1 . 1  4 7 4 7- 5 . 7 8  f0 .68  . -- 
.:!cc771 P ~ I Z ~ W U  ?SL: in lust  column differ 
:?':~~:¿fimut%p, P = 0.05 ( t e s t  or " m a n  
?)I 1 +.'t$icZ.!: i u  S w ~ l e n o ~  niid Coclrznn, 1973). 
Fig .  4 Root format ion  on a mic rocu t t ing  2 weeks 
a f t e r  placerlient on to  C medium (Bar = 1 nun) 
F i K .  3 Elongated shoo t s  o r i g i n a t i n g  from 
a x i l l a r y  buds 5 weeks a f t e r  t r ans -  
f e r  t o  I\ medium (llar = I mm). 
l'able 2 Krfect of NAA c o n c e n t r a t i o n  on root-.ig of 
mic rocu t t ings  2-4 weeks a f t e r  placement 
on to  C medium (no HAP added) .  
Conceut ra t ion  ?lumber of Number of Hean no of 
u r  N:\h r e p l i c a t e s  rooted  m i -  r o o t s  per  m i -  
( l l l l lU 1 1 -1) c rocu t t ings  c r o c u t t i n g s  
0.0; 40 O O 
0 . 1 5  50 0 O 
0 .2 ;  47 0 O 
0 . 5  4 3  1 4  2 
I .u 83 31 2 
- 
Discussi on and Conclusion 
The  a b i l i t y  t o  v e g c t a c i v e l y  propagate  t r e e s  i s  
a s s o c i a t e d  w i t l i  , j iivc:nility (1;r;iiiclet 1979 ; F r a n c l e t  
cl: a l  I9I10). Siilcc i t  is recognized t l i a t  some p a r t s  
of t h e  trees inny be  inntiire o r  s enescen t  whi le  o t h e r  
p o r t i o n s  s t i l l  d i s p l a y  , juvcni Ie  c h a r a c t e r i s t i c s  (Hun- 
ga a ~ i d  I1urz:in l Y 8 2 ) ,  i t ( : t in  Irc Itypothesiz.ed t h a t  cs- 
p l a n t s  w i t l i  t h i s  des i  rabic c l iL i r ac t e r i s t i c  should be 
more e a s i l y  pi-op:i#nted. Assuming t l i a t  IF1 of C. equi- 
s c t i f n l i o  e x h i b i t  this p r o p e r t y ,  w e  i n i t i a t e d  t h e  
i n v e s t i g a t i o n s  whose r e s u l t s  ilre r epor t ed  h e r e .  The 
success  of oiir exper iments  i n d i c a t e  t h a t  IF1 of  C. 
r q u i . s c * t i f o l  ia (niid prol);ibl y a l s o  of o t h e r  Casuar i -  
nacen) c o n s t i t i i t e  s a t i s € a c t o r y  e x p l a n t s  when d e a l i n g  
wi th  mature t r e e s .  T n t e r e s t i n g l y  enough i t  has  been 
shown t h a t  t h e  pe r iod  of time d u r i n g  which mature 
t r e e s  bea r  T V T  could  be  drtiin;itic:ally exnended, j u s t  
b y  i r r i y a t i . n y  t h e  n l a n t s .  
t l i a t  f l o r a l  ineristenis grown i n  v i t r o  can r e v e r t  back 
t o  v e g e t a t i v e  mer is tems;  s u c h  a r e v e r s i o n  has  bsen  
r epor t ed  i n  / / ic .cJi  i ; i n 4 i  t . h l t . o n l  and //. cjlutinosa (klar- 
t i n  e t  d l  1967) ,  I k t n  vcilqciris and IJr.issira o leraced  
(!largara 1982) , A J Z i t m  p f ~ r m  (Dorf and Schweisguth 
1980). The  vc j ;c ta t ivc  S ~ I I X J L S  o r i g i n a t i n g  from 1171 of 
C. e q u i s e t i f o l i i c  a r e  not  a r e s u l t  of such a p r o c e s s ,  
s i n c e  v e g e t a t i v e  buds a l r e a d y  e x i s t  a t  a l a t e n t  s t a g e  
a t  tlie s t e r i l e  base O F  t h e  I F I ,  t h e  development of 
t hese  buds i u i u  slioots being  induced by tlie n u t r i e n t  
medium where TI:I  are p laced .  With C. cc lc i i s c t i fo l ia ,  
only  low niiloulits of auxins  a r e  r equ i r ed  t o  i n i t i a t e  
t he  developmerit CI f ve ge t a t i v a  me r i s  tenis, whereas nii lch 
l a r g e r  a d d i t i o n s  of I A A  ( 4 5  iiiiiol 1-l) o r  t h e  use of 
a s t r o n g  auxin ( 2 , 4 - l ) )  are  r equ i r ed  t o  g e t  t h e  r r v e r -  
s i o n  of f l o r a l  nicristcms of herbaceous p l a n t s .  
when a c t i v a t e d  c h a r c o a l  was added t o  t h e  n u t r i e n t  
Tn ' the <ase o'f l ierbaccous p l a n t s ,  i t  i s  known 
E longa t ion  of  newly formed s h o o t s  occurred  only  
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medium. The b e n e f i c i a l  e f f e c t  o f  such a n  a d d i t i o n  i s  
n o t  y e t  clear and s e v e r a l  hypotheses  t o  e x p l a i n  i t  
have been proposed  (Hi s s ion  et  al 1983; Bonga and 
Durzan 1982). 
f o l i a  based on  t h e  u s e  of e x p l a n t s  c o n s i s t i n g  of IF1  
t h a t  i s  p resen ted  here i s  e a s y  t o  hand le  and could 
probably  be adop ted  o n  a l a r g e  s c a l e  when t h e  root -  
i n g  of t h e  s h o o t s  is  improved. I n v e s t i g a t i o n s  a r e  
under way t o  improve t h e  shoo t  b ranch ing  and t h e  
development of t h e  r o o t  sys tem of t h e  mic rocu t t ings ,  
to f i n d  o u t  t h e  most a p p r o p r i a t e  s t a g e  f o r  e x c i s i n g  
I F 1  from t h e  t r e e s  and t o  check t h e  nodu la t ing  a b i l i -  
t y  of t h e  p l a n t l e t s  when t r a n s p l a n t e d  t o  p o t s .  
So f a r ,  t h e  t y p e  o f  e x p l a n t  used h e r e  f o r m i c r o -  
p ropaga t ion  of Casuarina e q u i s e t i  f o l i a  h a s  never 
been experimented e x c e p t  by Bonga (1984).  However, 
i f  t h i s  a u t h o r  o b t a i n e d  t h e  format ion  of  advent i t ious  
shoo t s  i n  c u l t u r e s  of s e c t i o n s  of immature cones of 
I a r i x  decidua, he  d i d  n o t  observe  r o o r i n g  i n  any of 
t he  s h o o t s .  
The method o f  micropropagat ion  of C .  equ i se t i -  
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